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 Electron Cyclotron Resonance 
2
 Forced Electron Beam Ion Arc Discharge 
3
 Institut de Recherches Subatomiques Strasbourg 
 6
"	$"#	
/	"
8")

		
9' 
 "   : $""   		": 	
"	$ B " 
	 	
/'			$/"	
	$'  /	$  $   %'1 /  	 
		
8%9 	$	   	 B: /  	" 	 
	$  


	'
")+%,$,9%%./! 
+,", 74,

$  %0I

$ 01I
.	$ (&4I
D

"	
  
	$
$
%'058@3%9
%'4 8@ 2%9

#"		
%'4&28@3%9
 ' 218@ 2%9
$
  %%
$/	$
%8	9"%'1
8
9
.		"
	 1%%%-O8%'19
 


  "2: 6%# ,$,9%3) (;#8!"
)%%%)'#&#

	<!
 7 

!
 "$+ 
!0	66N$	/"/
	
"

8 69;&<'"
#	""


	$	
# "	
	'  #$ 	"  .	    
.
	#$'#	$"

				
/	

/
"

"'	
#	8 	9

 /"$   66N $ 	 	7 "
	$ " #	


	$/.	/"$	 	
'/	$"

  " 
	$ 	
 "  	 /	 	 
	#"   
	

?""'
 












                                                
4
 Broad Range Atomic Mass Analyser  
  6 $+   '  ,$,9 % # ' 
#%&)!
vertical 
horizontal 
 	$%$+ !

 8

! ")=& 
	(
	# 	 	 $ 	"  
	
 "
 
"  ' 6
 
 
	     $ "  $
$'$  /
  	"	
/
  $  	"	#	" "	$"'  	
	 
   

	"  66N$   / 	'
	
  	/ $#	
 
	$

".	$/$		7
	$
	
"#	

	$.	'

 >$=&  !")% &#'%#&
!

"	.		#"#$
//B	'66N$	#	"$"	
$"		'	

	$	"/
B
$"	$

$
"'!	
	 

  
	 
.: #	$ ' 6.
  :  
	

  	B # 	 	$ 
	#": 		" #	' 

	  	  	(
	# 	 	  	# $ "#	
  	 	

	
	
"
	
	
"'/	
/

" 			""			.$:
"	"	 >:	?	"/	
#	
	7'
/
	"	
	 	 	/	B	$	#	
"
	"##			
"/
B'

 1 m 
ELBEK 
magnet 
analyser 
magnets 
septum 
magnets 
analyser 
slits 
 9 
 "? 
"	
	#	.
"/	#$G.E@ 
#
   B		
 $ 6B	 @ P⋅#A @ E⋅G.  "	  

?"			#
	#'"#	

#
		"	

	)	#
		')		
"#	"
.	   	
 "
" 	 

' 	 	
	 	 '$'
	"/	$ 

   6 
 		
	' #
      /	 )	 	 	
 #
 	#	$" 	 	 /B "  "
	" 	  /	$ 
"" 
$
	"	)		"	"
		
	"		$*+,+*'

!
 # 
$" "
		  
		 )	 	 
 " 	;0<'!
"	  	
 
 
  	" ;1<' F    	
$	#'
!
!
 "?&
)	 		
 
	
/	"	
$	
"
	

	" /	
 	"$   "	
	 ' #

 ,. .	
" 	
/	 
$? " $	"	 #
	 #7/
#	$ 	7 
	
 	" 6. 
" /	  #	
 $	
 	"  	
$	# ( ).yzxx BvEqF ⋅−= 
 
  	
 "
  "#		 #	 	  (
" 	$(
$
"		
y
x
z B
E
v = 
		"'
  #
	 	."   	
  

		$ 	 
"		 
	7 "
" 	   $	# "	
	: 	 # Q #7:   		#
"	
	: 	 # R #7'  
	$  #	
 	 	"  	: 	
 /	 
"	"#
	
"/	
"'
)	
#)		
$	'
	
#B		
$	
#	'		

	
	'
,		)		#"	$
#
	""
 ' 
"" $"$
	
"$	
 	"
/		$	""			$#	"		$(
$
"			$	$
'
'  )	 	 
	 $	
 	": 	 	 	$	
: 	''  	 
/B 
	$ 	    	   
	$ 
 	 
"	
'		$	


"
?" 	" /		  	'  
" $ " 	
"			/	 @	$#	'	#
	$	

		".?"'
 10
&' 	B #  
		$ 
	
 	"  )	 	 
	: 	'' 	
/	
 "
"$	 $  

	
	"'	
	
"	$	"		"
$	  
 	
 		"  	 " "
			"
	$	$"	"$'
$ :  	 	 	  

	' 	  	
$ ""  	$ 	" ' 	 
	
 $	
 	"
"	
$.	'		$"		
			$
	"$	
 A/	$	"$	6
)		.		"'
-2Vs
-2Vs
Vs+VdVs-Vd
Vs+Vd
Vs+Vd
Vs-Vd
Vs-Vd

 @,#%##) # %)###
B # #.	/!


-0.5 0.0 0.5 1.0
longitudinal position / m
0.0
0.2
0.4
0.6
0.8
1.0
fie
ld
 
/ r
e
la
tiv
e
 
u
n
its
E-Field
B-Field

  A , # % #   *   , ?  * 
% ##%##',%#.@/!"%%)'#
%#  '(!

 11 
!
! ")%#:2C"C
 "	    )	 	 	 #  	" /	 
$*+,+*;3<'				"	

"'
	8		$:L	
"			M9":/$	
"
  " " "	$   	
  	
"	$ 

:

: 	: 
	

 "$	
 '*
D
	"$$#	8/$	
9'
 	  
	# $$ 		   "   / .'
$     "   $	
 "	#'  	
#	   	>>
'''">  $		'$	" >

  "  $	$  
  	"   

	' 	    !	 7 
 "	 
$>>'''">7>' $""
		  "	$ 

"	
;4<'
""			.

"	
"/B/	"

$
"	/	
	"		
 velocity;:
flight; of  time:
/)(
)1/()(
007
005
3
1
v
t
mmmr
vttlr
yr
xr
m −==
+−−==
=
=
δ
γγ
mass; :
;over energy   total: 20
m
cmγ
energy; kinetic :
momentum; :
/)(
/)(
/
/
008
006
04
02
K
p
zzzr
KKKr
ppbr
ppar
z
K
y
x
−==
−==
==
==
δ
δ
charge; :z

,B 
#:2C"C!

	 /  	 		 	
#	$ "	 '	
	.	"	

	'
""		
 "	 $ 89: 
	
 ?" 86E9:)	 	 8),9: 
	

869"$	
"	89'

!  
	
)			
	""//"	" 
"  	     " 	$ 	 
  /" "	
	'
	$($ 
"		 	 

	"   #	    /	
 	


"
( ) .
4
2
21
21
mm
mm
mm
+
= 


	
 	"	"	 D'/	
")	
	
	
?"		
"'/$	"

	"  #
	 	 /	
   /  	 / 			
	
	'/	"			

	#
		"	
	$	$)	
	 8 # "$9 /	 
	
 "
 /	
  /"
"	$'6
	""		$/	

	
 12
 
$":/	
 	 
"/		
	:  /
$.	"	"		
	:/	
	"	'

 D ? !

!6 "*)%
	
 $	$ 	
 " )	 	  
   @ 5% "  @  0% 	 " 	   E'  #$ 	 
?"#BC.
	#$&0BC'6(	" 	
1%'%
$)		
	#0&'4BC>

"	$#$0'0BC	
	"	"	
 %
'$	
.	@%' 4'
"
	 $ 	"  )	 	 	 I "	$   	  1' 

/ @5%"@ 0%	

"1%'%
	"	'


 E"&3FG&8
%
  )#?!
EQ WF EQ EQ EQ WF EQ EQ 
2.35 m 2.35 m 
 
ES: electrostatic deflector 
DI: magnetic dipole 
EQT: electrostatic quadrupole triplet 
   : double focus 
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17.5drift space
17.5drift space
Plug 1
drift space
Einzel lens
drift space
Einzel lens
Element
Result
178.0
160.0
35.0
160.0
Length in mm
125.0
100.0
Voltage in kV
40.0
40.0
Radius in mm

Result
71.540.0160.0Einzel lens
80.0drift space
178.0drift space
0.42050.0150.0el.stat. quadrupole 
19.0drift space
50.0drift space
-0.72550.0150.0el.stat. quadrupole
50.0drift space
178.0drift space
el.stat. quadrupole
drift space
Einzel lens
drift space
Plug 2
Element
150.0
19.0
160.0
80.0
Length in mm
0.394
80.0
Voltage in kV
50.0
40.0
Radius in mm

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Result
103.0drift space
248.0drift space
178.0drift space
Wien filtre
drift space
Einzel lens
drfit space
Plug 3
Element
500.0
80.0
160.0
80.0
Length in mm
0.5 Tesla
95.0
Voltage in kV
40.0
40.0
Radius in mm

E!	  '  


Pug 1
Setup
40.0drift space
40.0drift space
drift space
einzel lens
drift space
einzel lens
Element
178.0
160.0
30.0
120.0
Length in mm
40.0
20.0
Radius in mm
39.0drift space
178.0drift space
40.0500.0Wien filtre
30.0drift space
40.0100.0el.stat. quadrupole
178.0drift space
Pug 2
Setup
30.0drift space
19.0drift space
drift space
einzel lens
drift space
einzel lens
Element
225.0
160.0
30.0
160.0
Length in mm
40.0
40.0
Radius in mm
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Beamline Element Identifier Start Position Length End Position
mm mm mm
Electrostatic Deflector ES01 0 244,4 244,4
Drift DL01 244,4 400 644,4
Magnetic Quadrupole MQ01 644,4 300 944,4
Drift DL02 944,4 300 1244,4
Magnetic Quadrupole MQ02 1244,4 300 1544,4
Drift DL03 1544,4 300 1844,4
Magnetic Quadrupole MQ03 1844,4 300 2144,4
Drift DL04 2144,4 400 2544,4
Drift DL05 2544,4 727,5 3271,9
Magnetic Dipole DI01 3271,9 523,6 3795,5
Drift DL06 3795,5 250 4045,5
Magnetic Dipole DI02 4045,5 523,6 4569,1
Drift DL07 4569,1 727,5 5296,6
Drift DL08 5296,6 500 5796,6
Magnetic Quadrupole MQ04 5796,6 300 6096,6
Drift DL09 6096,6 300 6396,6
Magnetic Quadrupole MQ05 6396,6 300 6696,6
Drift DL10 6696,6 300 6996,6
Magnetic Quadrupole MQ06 6996,6 300 7296,6
Electrostatic Deflector ES02 7296,6 628,3 7924,9
Drift DL11 7924,9 371,6 8296,5
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Beamline Element Identifier Angle Radius Length Start Position End Position
° mm mm mm mm
Electrostatic Deflector ES01 30,00 400,00 209,44 0,00 209,44
Drift DL01 400,00 209,44 609,44
Magnetic Quadrupole MQ01 300,00 609,44 909,44
Drift DL02 300,00 909,44 1209,44
Magnetic Quadrupole MQ02 300,00 1209,44 1509,44
Drift DL03 600,00 1509,44 2109,44
Magnetic Quadrupole MQ03 300,00 2109,44 2409,44
Drift DL04 300,00 2409,44 2709,44
Magnetic Quadrupole MQ04 300,00 2709,44 3009,44
Drift DL04 925,00 3009,44 3934,44
Magnetic Dipole DI01 60,00 500,00 523,60 3934,44 4458,04
Drift DL06 500,00 4458,04 4958,04
Magnetic Dipole DI02 60,00 500,00 523,60 4958,04 5481,64
Drift DL07 1125,00 5481,64 6606,64
Electric Quadrupole EQ01 100,00 6606,64 6706,64
Drift DL08 100,00 6706,64 6806,64
Electric Quadrupole EQ02 100,00 6806,64 6906,64
Drift DL09 200,00 6906,64 7106,64
Electric Quadrupole EQ03 100,00 7106,64 7206,64
Drift DL10 100,00 7206,64 7306,64
Electric Quadrupole EQ04 100,00 7306,64 7406,64
Drift DL11 400,00 7406,64 7806,64
Electrostatic Deflector ES02 30,00 400,00 209,44 7806,64 8016,08
Drift DL12 200,00 8016,08 8216,08
Electrostatic Deflector ES03 60,00 400,00 418,88 8216,08 8634,96
Drift DL13 400,00 8634,96 9034,96
Magnetic Quadrupole MQ05 300,00 9034,96 9334,96
Drift DL14 300,00 9334,96 9634,96
Magnetic Quadrupole MQ06 300,00 9634,96 9934,96
Drift DL15 300,00 9934,96 10234,96
Magnetic Quadrupole MQ07 300,00 10234,96 10534,96
Drift DL16 400,00 10534,96 10934,96
 37 
 
E!A ,:	G G'F#
 
	
	
 
  	   
	
  
    
R. Cee*, W. Mittig, A.C.C. Villari
  

    	        ! " " #$%  &'#% ( )   *"  + 

, , , , , , , , , ,
- .	/
0 	1
 
 
Abstract
   	 
 2  	  3   3   	 
	43 	   
 	5  	     

	 4   4	   
 3     
  3 5   

   3  1 6  7 4    5 	
  3 	  	 

 	  3 5 
		5  
        7 	
	
5    
 3  	 
	1 8 	 

        
	     	 
	4 3    
     3  	
	
	
57    3   	3  4 	  	  7 	53 5	4	3 
  
  
     	 		51 +    	      3   	
    	 

	
 	 
3    	 
   	9
 		

 
  3  	 1 :   	   	5*
   3   	  
  
  3      
   3 5    
 	
 2         3   
3 3 57  &;#< 	  		

= .	= 1 4  	 
  	
	  	> 5 4	
5 	. . 			   

   	 1:  
    	
3 	 7    

  	
 3 	  4	 1 :    .>  5    3 	  

 3 5 
   3 	  	 
	45
  	

5   
    1:  3  	


 	  43 
	   7 	 
 3 	5  3  5	

   ? @  +  : @  3 4	  7 	  3 
4 
  :  ? ! : 1
 
 38
 
 
 
 
 
 
i in
i ou
t
i
i
in
nq
+
i nq 0
i nq
R
ec
yc
lin
g 
Sy
st
em
B
re
ed
er
β
Ex
tr
ac
to
r
ε
R
ec
irc
u
la
to
r
ρ
q
q 0
Ef
fic
ie
n
cy
:
β/
3



	





q
0
q 0
/







A



	


B









ε/

*



	






q
0
q/
















ρ/



	




	






q
i in/
	








	
9




	





5


n
/



3





4

	


i ou
t/
	









*












2

		
3




5





/


	
4
	


/ +
	
1/
:


!
6

)

C
)


?









3







4








!
?





3

D
E
F1





	















	
















pa
rt
ia
l e
x
tr
ac
tio
n
ex
tr
ac
tio
n
pl
as
m
a
in
jec
tio
n
:

3
1/
)

	

	



5
5	




3

	







	






	


D
$
F1
)
(
)
1(
1
q n
in
q n
i
i
i
+
⋅
⋅
−
=
+
ρ
β
)
(
1
10
q n
in
q n
i
i
i
+
+
+
⋅
⋅
=
ε
β)
1(
1
fo
r 
 ,
 
0
0
1 β
ρ
ε
β
η
η
−
⋅
−
⋅
=
=

=
∧
=

∞
→
=
∞
+
inou
t
o
u
t
q n
q n
q n
inq n
n
ii
i
i
i
i
i
ii
	







/
ε
G
&
ρ
G
&
&
$
#
?

&
&
"

&
#
H


;
;
?

;
"

3
(
H


(
'
I

$
E


$
#










&
H


&
;

&
%


&
'

&
E

&
&

 
&
#


(


'
!


"
#
$
%




&
$
#
?

&
&
"

&
#
H


;
;
?

;
"

3
(
H


(
'
I

$
E


$
#










&
H


&
;

&
%


&
'

&
E

&
&

 
&
#


(


'
!


"
#
$
%




&
(
%
&
$
#
?

&
E
#
&
&
"

&
%
"
&
#
H


'
%
#
;
;
?

H
#
;
"

3
'
(
#
(
H


'
$
(
'
I

(
(
#
$
E


&
#
#
#
$
#



$
&






'






&
(
%
&
$
#
?

&
E
#
&
&
"

&
%
"
&
#
H


'
%
#
;
;
?

H
#
;
"

3
'
(
#
(
H


'
$
(
'
I

(
(
#
$
E


&
#
#
#
$
#



$
&






'








	
	








/
ε
G
#
1;
ρ
G
#
1;
 39 
 
 
 
 
 
 
!





/
+
	
1/









=







	





	





1

?
	>

/&
#
J
&
#

K1
 L
/
3
	

5






M
L
#
/













M
)
L
/







	





2









5
10
15
20
25
30
35
40
q
0.
0
0.
5
1.
0
1.
5
2.
0
r / m
Be
n
di
n
g 
Ra
di
u
s 
in
 
D
ip
o
le
 
ve
rs
u
s 
Ch
a
rg
e
 
st
a
te
re
fe
re
n
ce
 
ch
a
rg
e
 
st
a
te
 
q 0
D
i
q
D
i
q
R
qq
R
0
0
=
0
5
10
15
20
25
30
35
40
q
0.
00
0.
25
0.
50
0.
75
1.
00
1.
25
1.
50
(x
q+1
 - x
q
) / m
Tr
a
jec
to
ry
 
Sp
a
ci
n
g 
be
hi
n
d 
D
ip
o
le
 
ve
rs
u
s 
Ch
a
rg
e
 
St
a
te
re
fe
re
n
ce
 
ch
a
rg
e
 
st
a
te
: 
q 0
 
=
 
20
+
re
fe
re
n
ce
 
be
n
di
n
g 
ra
di
u
s:
 
r 0
 
=
 
0.
5 
m
 
30
31
32
33
34
35
36
37
38
39
40
q
0.
00
0.
25
0.
50
0.
75
1.
00
1.
25
1.
50
(x
q+1
 - x
q
) / cm
5
10
15
20
25
30
35
40
q
02040608010
0
12
0
14
0
∆t / µs
Ti
m
e
 
o
f F
lig
ht
 
ve
rs
u
s 
Ch
a
rg
e
 
st
a
te
e
xt
ra
ct
io
n
 
vo
lta
ge
: 
U e
x
t 
=
 
20
.
0 
kV
io
n
 
m
a
ss
: 
A 
=
 
14
0 
(e.
g.
 
14
0 X
e
)
di
st
a
n
ce
 
be
tw
e
e
n
 
di
po
le
s:
 
∆z
 
=
 
3.
91
 
m



/
di
po
le
di
po
le
io
n
so
u
rc
e
E Q 0 4
E Q 0 3
E Q 0 2
E Q 0 1
E Q 0 1
E Q 0 2
E Q 0 3
E Q 0 4
Q 
>
 
Q 0
Q 
>
 
Q 0
Q 
=
 
Q 0
Q 
<
 
Q 0
Q 
=
 
Q 0
Q 
<
 
Q 0
α
G
±
&
#
1#







	





ε
G
'
#
1#
pi


·





	






G
&
1#


A


5
:



?
!


:
B








G
'
1#




	






ρG
#
1#
"
'
 
#
1$
'
&
 
#
1#
E
;
:






	



	
	
	
5
)
ρG
'
#
1#
=
N





	


	
	
	
5
)
=	

G
'
#
#
1#
 
$
#
1#
 
;
#
#
1#
=

N
=	


	






5
L
G
O
$
#
 
O
&
 
O
'
#








G
&
'
#
A

1
1&
'
#
C

B







3


!


	


(

)

*






α
G
±
&
#
1#







	





ε
G
'
#
1#
pi


·





	






G
&
1#


A


5
:



?
!


:
B








G
'
1#




	






ρG
#
1#
"
'
 
#
1$
'
&
 
#
1#
E
;
:






	



	
	
	
5
)
ρG
'
#
1#
=
N





	


	
	
	
5
)
=	

G
'
#
#
1#
 
$
#
1#
 
;
#
#
1#
=

N
=	


	






5
L
G
O
$
#
 
O
&
 
O
'
#








G
&
'
#
A

1
1&
'
#
C

B







3


!


	


(

)

*






 40
 
 
 
 
 


?
@


+

:
@
?
	


	



D
'
F


5
M
E







	



&


	



$
N


	



!



2
G
&
O
2
G
$
#
O
2
G
'
#
O
2
G
$
#
O
2
G
'
#
O
6

	
>



!



2
G
&
O
N


	



!




2
G
&
O
2
G
$
#
O
2
G
'
#
O
2
G
$
#
O
2
G
'
#
O
6

	
>



!



2
G
&
O
 41 
 
 
 
 
 


?
@


+

:
@
?
	


	



D
'
F


5
M
E




M


	



	




	



&


	



$
N


	



!



2
G
$
#
O
6

	
>



!



2
G
$
#
O
N


	



!




2
G
$
#
O
6

	
>



!



2
G
$
#
O
:



?
!


:
?
	


	



D
"
 (
F



4




M
$






	













M

&

 



	















2
G
$
#
O













2
G
$
#
O













2
G
$
#
O















	



$


	
>



4

	



4

	



2
G
$
#
O















	



&


	
>





	
>



4

	



4

	



E Q 0 1 - 4 . 0 3 8
E Q 0 2 2 . 5 8 3
E Q 0 3 - 1 . 7 6 3
E Q 0 4 0 . 7 5 8
M D 0 1 1 . 0 7 7
M D 0 2 1 . 0 7 7
M D 0 3 1 . 0 7 7
M D 0 4 1 . 0 7 7
M D 0 5 1 . 0 7 7
M D 0 6 1 . 0 7 7
M D 0 7 1 . 0 7 7
M D 0 8 1 . 0 7 7
M D 0 9 1 . 0 7 7
M D 1 0 1 . 0 7 7
M D 1 1 1 . 0 7 7
E Q 0 1 2 . 2 7 3
E Q 0 2 - 0 . 4 8 0
E Q 0 3 - 1 . 7 6 2
E Q 0 4 1 . 7 7 6
M D 0 1 1 . 0 7 7
M D 0 2 1 . 0 7 7
M D 0 3 1 . 0 7 7
M D 0 4 1 . 0 7 7
M D 0 5 1 . 0 7 7
M D 0 6 1 . 0 7 7
M D 0 7 1 . 0 7 7
M D 0 8 1 . 0 7 7
M D 0 9 1 . 0 7 7
M D 1 0 1 . 0 7 7
M D 1 1 1 . 0 7 7


	
>



E Q 0 1 - 4 . 0 3 6
E Q 0 2 2 . 5 2 8
E Q 0 3 - 1 . 6 9 9
E Q 0 4 0 . 7 3 9
M D 0 1 1 . 0 7 7
E Q 0 1 2 . 1 7 4
E Q 0 2 - 0 . 4 2 5
E Q 0 3 - 1 . 7 0 9
E Q 0 4 1 . 6 9 2
M D 0 1 1 . 0 7 7
 42
 
 	 /
O '1(O " 1$O $1#O #1$." E1'.;1;E1(;1' + , 
O '1"O " 1"O #1%O $1'.$#1".&'1'.;1'.;1' + , 
O E1%O '1EO &1".% 1(." 1"O % % 1H&$1".$1E + , 
O #1"O '1EO #1'.#1E.&&1$O $1".$#1&&#1H + , 
- 	. 
"
- 	. 
"
- 	. 
"
- 	. 
"
- 	. 
"
- 	. 
"
- 	. 
/ (
- 	. 
/ (
0 ' 1 2 * - 0 
 

	. . 
0 ' 1 2 * - 0 
 

% - 2 ! &1 3 &1 &!
 


% - 2 ! &1 3 &1 &!
 

4. 5
 . 
6
. 
+ ) ) 6
	

EQ01 EQ02 EQ03 EQ04
quadrupole
-60
-20
20
60
de
v
ia
tio
n
 
/ %
optics 1
optics 2
COSY INFINITY   3rd order ↔ COSY INFINITY   3rd order;   fringe fields
EQ01 EQ02 EQ03 EQ04
quadrupole
-8
-6
-4
-2
0
2
de
v
ia
tio
n
 
/ %
optics 1
optics 2
COSY INFINITY   3rd order ↔ TRANSPORT   2nd order
EQ01 EQ02 EQ03 EQ04
quadrupole
0
1
2
3
4
5
de
v
ia
tio
n
 
/ %
optics 1
optics 2
COSY INFINITY   3rd order ↔ TRANSPORT   1st order;   space charge
 
 
  
 	 /
D&FSome Methods of Generation of Multicharged Ions of Radiaoactive and Stable Isotopes )11 >	1 
( )  ! 	


   
 ?  
=   ? 7   $$.$(P  A&H H ;B&'#(.&'#;1
D$FCharge Breeding Method Results with the PHOENIX Booster ECR Ion Source : 1 51 
; )  ! 	


   
 ! 	 + 
 E.% P  A$##$B&% $'.&% $(1
DEFCharge Breeding )    		 .: !  9
   
6 ! . : .&H H H ." ###E + 	  
& 
 $##'1
D'FCOSY INFINITY Version 8.1 User's Guide and Reference Manual  1>  ? Q 6 )! .$#% #' 
 !  5	
  5  	
 	? Q 	4	5 $##$1
D" FTRANSPORT: a computer program for designing charged-particle beam-transport systems; rev.              
    version R 1 1 7  1 1 5 + 1  1	 + 1  
=  )  ;#.#' &H ;#1
D(F! ?   	
:  + 7  = 3 5Q 1  3    ) .?   .+ )  4	 3 5R 1 1S 7 1 

3 $##E1

/
:  3  	
 	 
	
   
 3  
 		 7  &;#< 	 
 	 
 	
2      3 	4	 7 	  
   ? @ 
  :  ? ! : 1 :  
 	       	  	   3     1
	 
	 3 4 3 7  ? @  :  ? ! : AG#B1
:   4  
5    
   
 
  3  7 	   G &1#   7 	 	
 3 		

  	  :  ? ! : 	 	 1:  
 
	 		 
 7  =     3 
 	   	4
 	
		 1
 
